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scale features of bare gold were micromachined into the surface of the gold supporting the SAM. Either a surgical scalpel blade or the cut end of a carbon fiber was used as a tool (6) . We used a 3 mN load on the tip of the scalpel to machine uniform grooves with macroscopic lengths (>1 cm), widths of -1 lam, and depths of -0.05 lam (Fig.2) .
The micromachined grooves were bordered by two lips of raised metal (-0.1 l.m high and -0.2 g.m wide) formed by the plastic deformation of the gold during machining (7).
Each lip presents an inclined surface to the edge of a spreading drop of liquid and influences the wetting behavior of the surface. In contrast, much smaller lips of metal bordered the -0.1 l.m-wide grooves that were formed with the tip of a carbon fiber (8).
Third, a second, hydrophobic SAM was formed selectively on the bare gold features by immersing the micromachined surface in a solution of [CH3(CH2)1 1S]2. We used a dialkyldisulfide in this step because dialkyldisulfides replace surface thiolates in SAMs approximately 102 more slowly than do the corresponding alkanethiols, and thus minimize the modification of the properties of the original hydrophilic SAM while forming the second hydrophobic SAM (9, 10).
Features on the 0.1 to 1 prm-scale having contrasting wettability can pin the edges of drops of water. The extent of this pinning was influenced by the type of SAM within the micromachined groove and by the shape of the groove (11). We have used 0.1 to 1 lam wide grooves having hydrophobic SAMs to manipulate the positions and the shapes of drops: several features that can be controlled are illustrated in Fig. 3 .
Drops can be positioned with edges straight and pinned close together: the resolution of a side view of two drops with edges pinned by a common, 1 pim-wide line is limited by the effects of diffraction and reflection, but the drop edges are clearly separated by less than 30 pim (12). The drops do not appear to communicate with one another: a dye in one compartment remains localized and does not diffuse into neighboring compartments. The extent of wetting of the corners of the pattern depends on the contact angle of the water on the SAM (and thus, in this system, on the pH of the Control experiments in which the initial SAM and the second SAM deposited on the surface of the micromachined features were both formed from HS(CH2)15COOH
showed little or no pinning of a drop (pH 10, 0.05M borate) (11). Micromachined features with hydrophobic SAMs having 0.1 pm widths showed a weaker tendency to pin a drop than those with 1 pm widths. We have not quantified the importance of the width of the groove and the shape of its edge in pinning the edge of the drop (13, 14) .
The combination of micromachining with molecular self-assembly offers a versatile new procedure for manipulating the structure and properties of surfaces, and the shapes of liquids drops on thern. Micromachining provides both convenient access to small features and control over the geometry of these features. By using simple procedures we have generated features that are already smaller (0.1 l.lm) than those that can be routinely generated with optical lithography (15). With the use of improved micromachining tools (including the scanning tunneling microscope), it should be possible to extend this technique to create features with sizes of 10 nm or smaller. Molecular self-assembly is particularly useful as a part of this procedure because it allows molecules to be adsorbed on very small features (<1 nm) with high selectivity and because it permits sensitive control of the surface free energies (16).
The procedure illustrated in Fig. 3 is an uncomplicated one that uses a gold support, one width for the grooves, and two different SAMs. The procedure can be extended to other supports and geometries of the grooves and, through combinations of sequential pattern formation and orthogonal self-assembly (17) Recovery, Properties and Application, (Van Nostrand, New York, 1964) ].
8. Scanning electron microscopy images of the tip of the carbon fiber showed a morphology ressembling thin parallel sheets. These tips sometimes formed distinct parallel grooves, separated by as little as 0.1 m.
9. By using a dialkyldisulphide to form the second SAM, the exchange with thiolates of the first SAM can be reduced to less than 0.1%. For example, a SAM formed from CH3(CH2)10SH has been measured, by using the contact angles of water on the SAM and x-ray photoelectron spectroscopy, to exchange less than 0.1% when 11. Although grooves formed with a load of 3 mN applied to the tip of the scalpel did not pin the edges of drops, grooves formed with larger loads (>__10 mN) showed a weak tendency to pin drops. Because larger loads produce larger grooves, this suggests that the shapes of the grooves can influence the pinning of drops.
12. Top views of the drops under an optical microscope indicated the separation of the drops was _<5 lim. 
